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1. ABSTRACT OF RESEARCH TO DATE 

1 1  The general program represents an extension and genera l izat ion o f  

an e a r l i e r  program deal ing c h i e f l y  w i th  t e l l u r i c  gases. The basic i n -  

strumentation includes three Perkin-Elmer Model 112 spectrometers equipped 

w i t h  prisms t o  cover the range between the v i s i b l e  and 40 microns, one 

Perkin-Elmer Model 421 g r a t i n g  instrument f o r  the 2- t o  18-micron region, 

and a Perkin-Elmer Model 301 fa r - i n f ra red  spectrograph f o r  the region 12 - 
t o  330 microns; t h i s  basic instrumentat ion was suppl ied by Kansas State 

Uni ve rs i  ty. 

The i n i t i a l  stages o f  the research have been involved w i t h  a t e s t  

o f  Burch’s Law o f  m u l t i p l i c a t i v e  transmittance o f  mixed absorbing gases 

f o r  broadening o f  the absorption l i n e s  by H2 and He, which are const i tuents 

I 

I 
of the atmospheres o f  the major planets. Other e a r l y  work has been con- 

, cemed w i t h  the broadening o f  l i n e s  i n  the CO fundamental by a v a r i e t y  

of gases; the r e s u l t s  i n d i c a t e  t h a t  the e f f e c t s  o f  HE and He are such 

t h a t  correct ions must be made t o  observed band shapes i f  one i s  t o  a r r i v e  

a t  v a l i d  estimates o f  the temperatures o f  p lanetary atmospheres by 

spectroscopic techniques. 

I 

Other work has been done on the absorptance 

o f  atmospheric gases a t  reduced temperatures and on tne more exact deter- 

minat ion o f  the bandstrengths f o r .  absorbing atmospheric gases. 
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11. PROGRESS DURING THIS REPORT PERIOD. 

A. Absorption by Overlapping Bands. 

The appended brief report o f  this work has been presented for 

publication as a l e t te r  i n  Applied Optics. No further work on the 

subject is  a t  present contemplated. 

B. Line-Broadening Coefficients. 

Appended are abstracts of papers presented a t  the s p r i n g  meetings 

of the Optical Society of America and the American Physical Society. 

C. Band Strength Measurements. 

Work has been done on a re-determination of band strengths S b u t  

has been interrupted by the failure of certain components when sub- 

jected t o  h i g h  pressures; reconstruction i s  i n  progress. No reports 

are ready for publication. , 

D. Absorption of Gases a t  Reduced Temperatures. 

A great deal of effort  has gone i n t o  this work b u t  no results 

are yet ready for publication. The results should be of use i n  

interpreting the details of planetary spectra. 
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IV. PLANS FOR THE NEXT REPORT PERIOD 

A. 

B. 

C. 

Studies o f  sel f-broadening and fore ign-gas  broadening o f  the 

ro t a t ion -v i  brati  on bands w i  11 be cont inued.  

Work on band s t r e n g t h s  will be continued. 

S t u d i e s  o f  atmospheric  gases  a t  reduced temperatures will be 

con ti n ued . 

Submit ted 7 June 1967 

Appended Reports : 

"Forei gn-Gas Broadeni ng o f  Absorption L i  nes 
i n  the CO Fundamental," Draegert  -- e t  a1 

"Broadening o f  Lines i n  the CO Fundamental ,I' 

Chai e t  a1 -- 
"Further S t u d i e s  o f  Overlapping Bands ,I' Tubbs -- e t  a1 

"Further Studies  o f  Overlapping Absorpt ion Bands ,'I 
Tubbs e t  a1 -- 
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I . The relative foreign7das broadening coefficient F is defined'by the re1aion.F - pN/pb# 

where pb is the partial pressure of gas ul'. b required to give the Same total absorptance 

as that produced by Gtrogen a t  partial pressure PN when the same absorber thickness 

. . ,  

1 

w is used. F-values of several foreigh gases applicable to the entire CO fundamental 

have been re-determined at :low resolution by single-beam techniques, The present 

values of F are as  follows: Hz, 1.17; D2, 0.95; He, 0.80; A = 0.80; CHq, 1.11; and 

NH3, 1.59. These values are believed to be accurate to *10 percent. Present F-values 

for H2 and He are not in  agreement with ,. * earlier .A' values determined by double-beam 

techniques.' Values of F(v) appropriate to various portions of the CO band have also 
- .w 

been determined under conditions of high a s  well as low resolution. For Hz , Dz , and 

He,  the values of F(v) in the band wings are approximately 50 percent greater than 
i 

F(v)-values near the band center. Values of Fb) for C02 and N 2 0  have been determined 

in spectral regions where absorptance'of these gases does not overlap the'C0 

fundamental. 

T 
I .  

1 ,  
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I Broadening of Absorption Lines i n  the CO Fundamental.* An-Ti Chai ( i n t r o d u e d  

,. by LXldley Williams), David A. Draegert, and.Dudley Williams, Kansas State 

Universi tp-The integrated spectral absorptance $A(v)dv of an absorption 

line of Lorentz shape i s  related t o  the half-width of the line. The half-  

width can be expressed i n  terms of an equivalent to t a l  pressure Pe - Bpa + 

where pa and pref are the par t ia l  pressures of the absorbing gas and 

a non-absorbing reference gas, respectively. The parameter B is  the ratio 

o f  the "line-broadening abi l i ty"  of the absorbing gas t o  t h a t  of the reference 

gas.  In the present study, values of B have been determined for ind iv idua l  

rotational lines i n  the CO fundamental when various reference gases are 

i 
' 

P,f* 

employed, With  N2 as the reference gas, B i s  nearly constant for  a11 

frequencies, With He, 029 and He as .reference gases, B is  considerably larger 

near the band center t h a n  i n  the wings; the reverse variation of B is 
obtained when A, Kr, and Xe are used as refereFce gases, Canparisms 

between the effects of various molecules on CO molecules i n  different 

rotational states will be noted. Various interaction mechanisms between 

col l iding molecules will be discussed, 
, 

I 

i 
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Previous studies have indicated that the spectral transmittance of a mixture of atmoe- 

pheric gases is equal to the product of the transmittances of the constituents measured 

separately provided the same absorber thicknesses are used and provided the total 

pressure of all samples is made the same by the addition of nitrogen, For mixtures 

of C02 and water vapor and for CO-NzO and CO-CH4 mixtures2 0 the multiplicative ' 

relation has  been found to hold even in the extreme case in which the total pressure 

1 

d 

is equal to the sum of the partial pressuresbf the.absorbing gases, However0 it was' 

2 suggested that for non-absorbing gase-pother than nitrogen it.might be necessary to 

specify a total equivalent pressure to take account of the different line-broadening 

abilities of the non-absorbing gases* In the present study of overlapping CO and N20 

bands, He and H2 were used as line broadeners, The simple multiplicative law 

applies in ciose approximation when the partial pressure of the non-absorbing gas i s  

large compared with the partial pressures of the absorbing gases but must be modified 

6. . 
I .  

* '  I 

when the partial pressures of the absorbing, and non-absorbing gases  are ''&mpar+le, .. 
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Further Studies of Overlapping Absorption Bands * 
Lloyd D. Tubbs, C.  E. Hathaway 

and Dudley Williams 

Department of Physics 
Kansas State University , Manhattan , Kansas 

I t  i s  well known t h a t  the spectral transmittance of a mixture of two 

gases o f  given absorber 'thicknesses does n o t  necessarily equal the product 
of the spectral transmittances of the same gases measured separately 1 2 .  

i .e.  T12(v)  # T1(v)  T 2 ( v ) .  However, i t  was found by Burch e t  a12 t h a t  

under certain conditions the measured transmittances do obey the simple 

multiplicative relationship 

T l 2 ( V )  = T I ( " )  T2(v) .  (Burch's Law) (1 1 

Burch's study indicated t h a t  ( 1 )  holds provided ( a )  the absorber tbicknesses 

o f  the individual absorbers are the same for the samples being compared; 

( b )  the spectral s l i t  w i d t h  is  sufficiently broad t o  include several absorp- 

t i o n  lines; and (c)  the total pressure P i s  made the same i n  al l  samples by 

the addition of nitrogen. Burch showed t h a t  relation (1)  i s  valid f o r  over- 

lapping bands of C02 and H20 vapor; the line spacings and intensities of 

H20 = vapor Saiids are sssentfaliy "random" and the iine spacings ana intens- 

i t ies o f  the over1 appi ng COP ban.ds are "regular. '' 
4 More recent work has demonstrated t h a t  Burch's Law (1)  could be applied 

successfully t o  overlapping bands o f  CO and  N20 i n  the 2200 cm-l region and 

t o  overlapping bands of N20 and CH4 in the 1300 cm'l region even when re- 

latively narrow s l i t s  were employed. 

includes regularly spaced lines for w h i c h  the line spacings are incommensurate. 

A1 though  the requirement t h a t  the total pressure be constant appeared 

In  these cases the region of overlap 

sufficient for measurements o f  transmission through the ea r th ' s  atmosphere, 
4 Hoover e t  al ,  suggested this requirement migh t  n o t  be sufficient i f  a non- 

absorbing gas other than N2 i s  used t o  provide equal total pressures. I f  the 
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line-broadening effects  produced by col l is ions between the broadening and 

absorbing molecules d i f f e r  greatly from the effects  produced by col l is ions 

between absorbing molecules, i t  was also suggested tha t  i t  might  be necessary 

t o  introduce an effect ive pressure 

FbPb Pe = c Bapa + a 

where pa i s  the par t ia l  pressure of each absorbing gas; pb i s  the par t ia l  

pressure o f  each line-broadening, non-absorbing gas; B, i s  the self-broadening 

coefficient for each absorbing gas r e l a t ive . to  N 2 ;  and Fb i s  the foreign-gas 

broadening coefficient re la t ive t o  N 2  appropriate t o  each non-absorbing gas 

present . 5 

The present study of the overlapping bands of CO and N20 i n  the 2200 cm” 

region was undertaken t o  ascertain the possible need for use of an, effect ive 

pressure ( 2 ) .  Hydrogen and helium, which are abundant i n  the atmospheres 

of the outer planets,  were chosen as the non-absorbing, broadening gases. 

Thei r F-Val ues are appreciably d i  f ferent  from uni ty  ; the average F-Val ues 

of hydrogen and heli urn f o r  the fundamental band of CO are 1.17 and 0.80, 

respectively . 6 

A Perkin-Elmer 112 spectrometer equipped w i t h  a CaF2 prism was used. 

W i t h  the mechanical s l i t  w i d t h  held constant, the spectral s l i t  w i d t h  varied from 

10 t o  15 cm‘l over the spectral region of in te res t .  

absorption ce l l  was employed. 

A 30 cm stainless-s teel  

The upper panel of F ig .  1 shows the spectral transmittance of d CO-N20 

mixture w i t h  pco = 60 Torr and pN 0 = 6 Torr. Curves A show resu l t s  ob- 
2 

tained when He was added t o  give a to ta l  pressure of one-quarter o f  an 

atmosphere. The t o p  curve i n  s e t  A gives the product of  the individual 

spectral-transmittance measurements. The lower curve i n  s e t  A i s  the measured 

transmittance of the CO-N20 mixture. The t o p  curve i n  s e t  B i s  the trans- 

mi  t tance of the CO-NzO mixture w i t h  H2 as the broadening gas : the lower 
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curve i s  the product of the i n d i v i d u a l  transmittances. The difference between 

*. the transmittance computed from Burch's Law and the measured transmittance 

w i t h  He as the broadening gas i s  a t  most +2% and occurs near the center of 

the N20 band. 

center of the N20 band w i t h  H2 as the broadening gas. The agreement of Burch's 

Law w i t h  the measured transmittance of a mixture becomes closer  as the par t ia l  

The corresponding difference i n  transmittance i s  -3% near the 

pressure of the broadening gas i s  fur ther  increased. 

The lower panel of F ig .  1 shows the spectral  transmittance of overlapping 

CO-N20 bands f o r  par t ia l  pressures of  40 Torr of CO and 4 Torr of N20. Curves 

C were obtained w i t h  He as the broadening gas ; Curves D give resu l t s  obtained 

w i t h  H as the broadening gas. All  measurements were made a t  a to ta l  pressure 

of 44 Torr. The measured transmittance of the CO-N20 mixture w i t h  no  broaden- 

i n g  gas  present i s  shown by the sol id  curves. The dot-dash curves show the 

spectral  transmittance computed from (1 ).  The difference between the computed 

transmittance and the measured transmittance for the mixture i s  +3% near the 

2 

center of the N20 band f o r  helium broadening and is  

the N20 band f o r  hydrogen broadening. 

-3% near the center of 

Even i n  these extreme cases, there i s  

t h u s  f a i r  agreement between the transmittance computed from Burch's Law and 

the measured transmittance. 

Closer agreement between computed transmittance and the measured trans- 

mittance of the CO-N20 mixture can be obtained by us ing  an e f fec t ive  pressure. 

with Fb as a single  adjustable parameter. "Best f i t "  curves are  shown by the 

dashed curves i n  the lower panel. These curves were obtained w i t h  an F-value 

of 0.82 for  He and w i t h  an F-value of 1.4 f o r  hydrogen. When expression ( 3 )  

i s  used as a cr i te r ion  f o r  equql equivalent pressure, the greatest  difference 

between computed and measured transmittance i s  +1% near the center of the 

N20 band. 



- 4 -  

The present results i n d i c a t e  t h a t  one may s a f e l y  employ Burch's Law 

wi thout  modi f ica t ion  i n  studies of  p l a n e t a r y  atmospheres since the e r r o r  

in t roduced  by u s i n g  the simple product r e l a t i o n s h i p  ( 1 )  i s  cons ide rab ly  
*. 

I less than other u n c e r t a i n t i e s  involved i n  t r ansmiss ions  measurements. 
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Legend for Figure 

Fig .  1 Low-resolution study of  overlapping bands o f  CO and N20 i n  the 

2200 cm" region. 

one-quarter atmosphere with He ( A )  and H 2  ( B )  as the broadening gas. The 

measured transmittance i s  shown by the dashed line ( A )  and the solid line 

( B )  and the product  T(C0) T(N20) i s  shown by the cross-dash ( A )  and 

dot-dash lines (B ) .  

The upper panel shows the bands a t  total pressure of 

The lower panel shows the overlapping bands a t  a total pressure o f  

44 Torr with no broadening gas present in the mixture. 

spectral transmittance i s  shown by the dot-dash curves for  He ( C )  and 

H2 ( D )  as the broadening gas and t h e  measured transmittance i s  given 

by the solid curves. 

The calculated 

The "best f i t "  curves are shown by the dashe;! curves. 
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